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INTRODUCTION

, A're we going to h-,:e enougl, excellent scientists in the future
''', .

. , s. .

.

-, to carry fotward cur crusade against cancer, heart disease, artyti,
.

A aging-7.-to name just a fewof the major healtl areas of concern today?,

This question is of vital importance to all of use-as potentiar

beneficiaries of advances in health research, but it should be. of

:,particular concern to you as educators, dducZtional researchers,, and

administrators who ,are concerned with both,the quantity

acrd quality of graduate output and the viability of the entire'll.SA

graduate education system.. I can tell you that'this Ruestion is a

get-eat concern to NIH, as the lead Federal agency charged with the

conduct of biomedical research.

But What does all of this have to do with the Survey of Graduate

..

. . Science Studen /Support and Postdoctozals, which I will henceforth
: .,>-

i refer to,AFAWS, SGS survey? Well, drcipping considerations of
,.

"excelle e" and "adequacy," I believe that thS two'basic d4a

elements of this survey, enrollment and"student support, carry% .

implications for projections of Ph.D.. output, and therefore for

projections of bioscience research rpnpower.

I want to do three'things this evening. First, I want to

discuss the assumptions, tat enrollment, specifically. first-year

. enrollment, is a predictor ofPh.D. output; arci that support affects

both graduate enrollmvt and Ph.D. production.' second, l'd like to

' highlight for you the 5C,S'data that 'relates to those assumptions.

J w411 have som,thing to say about thp signifp-ance 'of these

data to tHes concornc,1 with the,futere of health research.
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Use of t%i> link ,to. cnrollment, particularly first -year
4

enrollment, as an indicator of future Ph.11. output, is, practically a '

tradition inSpite of the .s:i) obvious reasons why the link is diffuse.

First, a significant- though unknotM proportion of graduate enrollment

is for terminal master's' degrees (plann'ed or otherwise),. This is less

of a problem in the biosciences than in soma other finds. Second,

the lapsed time from'the bachelor's degree to Ph.D. is va'iable across

A broad range about half ofthe 'candi'dates taking 3 to 7 years and

half 'taking,riore than 7 yearg. However, the distributions involved

are stable etiough that fir,st-year enrollment, appropriately lagged, is

-highly<correlated historically with,Ph.D. output in the biosciences.

The relationship of outside financial support-4ederal Or other

of the graduate student to graduate enrollment and Ph.D. production is

another matter. Establishment of this relati6nphip has proved curiously

elusive. Longitudinal studies 'Of student population cohorts, for

example, have. not' isolated outside finAcialsupp94 as-the significant

factor in enrollment Or in degree completion. There have been some

reasonably successful statistical studies that can be cited, however,

that tend to confism(the hypothesis thatsuch financing is dritiCal.

A 1962 study by James A. Davis found a relationship between

holding a job and Slow academic progress or dropping out.I

'Davis, Janes A. C'1.-ces: The FInanocs of" America
A*L; Grr.727t: Chicago. University of Chicagg

19( }2.
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A 1,.L63 study by Larko:,, rriCkie,*and, Barger founNthat part, -tine

employmentzwas a factor in delay progress.? Holmstrom and Sharp's

study df NDEA fellowship,1 in X70 found that fellowships shortened the

.duration of doctoral study -b} making part-time :;aidy unnecessary. 3

. The dcintinual methodological problem, however, that has plagued

researchers, is that the demonstrated relationships; between financial

arrargaments and progress do not adequately indicate what is cause and

what is effect. In short, it iS not obvious whethei people go to School

''because they are financed or are financed because they go to school.

A recent study, being performed finder contract. to NIH, does

provide empirical evidence that support, in larticular federal support,

has cted, grduate enrcillment and Ph.D. output in the biosciences.

This.stu y first examines graduate enrollments. and Ph.D. degrdes

' conferred relativejto.the population age group 20-24 and bachelor level

degrees, and finds that these 'demographic factors have not predominated..

The study then iinvestigqtes four economic factors and findsithm.to be'

significant expIanatou variables fbr graduate enrollment and Ph.D.

completion...in the biosciences. The factors taken'into consideration

were

1. salaries of college graduates relative to non graduates,

2. Federal
4

financial suppoxt.for students in higher education,

3. aggregate persCial income, and

4. Fedel'al funds for research and development,

21;arkow, Serionr, Bruck, 1:riskie, and Alan S. Berger. Gro:lote
FI, Chica;,o. Nation*al Opinion research Center,

Sept2m1;:r 1965.

}n ;in I., and Laure M. StIlrp. rt7<y of nFA Titlq TV
Poo:r ?, U. Wlshiqgton, D.C. Bureau of Social

0Scienc Roearch, Inc., JI:ly 1970.

*C.)



.1 (-

The conclusion of the study is:

"When.the!-,e yariab/eq (to the' extent that they are available)
are exaimed in relation to the trends in degrees and enroll:-

, ments, the e,apirical,evidence
points to the conclusion that' federal aid .to students it1 graduate education has bad the

gre4est influence Ontdegree and enrollment ratios followedby'income variables and expenditures for research, Income.seems to have its greatest impact on the ratio of BA's to .

population age 20 -24, while federal'aid to.graduate student:,has a strong inflqpnce on tht proportions enrolling in grad-uate school and obtaining PhD degrees."

Another study funded by NIH within the Office of Scientific
. .

Personnel of NRC and conductedjoy,Professor
Robert McGinnis' from

.

Cornell .University, examined the relationship letween Federal expendi-

tures for research and the number of doctorates awarded in science and

engineering fields by U.S: universities.4
Dr% McGinnis found that

1

doctorate prodctiOn in science and engineering was anearly perfect

linear.funttion of Federal research expenditures, with alead time

of to 6 years, at least during a period when research expenditures

'w,ere growing. We have no extensive experienee with declining research

expenditures. '

The McGinnis study aIs(5.related stve.ral series of NIH awards'to

graduate programs in four
fields--bioaemistry,-gengtics., pharmac

and physiology. The data of Table 1 shows.relations observed betwe

.number of graduate students and of doctorates awarded and various

asects of NIII funding. The fAding categories shown have very

tinstrwctive charaCteristics. "NIG:4-5 (Natibnal Institeite of General

Medical Sciences) trainidg funds, four fielde were support awarded

specifically for the four fields, "NIGMS training funds to institu-

tions" add, in all other NIGNS funds. funds to' institut_ions'l

. '4McGinal!m, Robert. Rel'ml
Biccnoc. Oftice of Scientific re::;onnel, ratioAal 1:,2senTch Council,February J972. Unpublished.

0
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add in all other funds from the faH. In short, the categories of funds

,ascend from the specific to the general, whilythe fields of science

remain the same. Funding data for 19,p8 are used with the well-grounie&

assumption that the funds awarded to thege.institutions in 1968 are

highly, ,correlated with fund-S- awarded in prior years.

',The correlations displayed n.Table 1 suggest several conclusions.

First, for each cblumn there is a gradient in the funding correlations,

the strongest-relationship appearing with funds specifically awarded

for training in the foilr fields in which the students were being trained,

the weakegt with the gederar total of all NIH funds awarded to the
.

.

institutions. Second, the higher retention of sttudvits.up to the point
S..,

at which they eventually-receive the doctorate appears to be a significant

advantage of training grants. Although the data do not, of course,

prove the point, they suggest that given the availability of a range

ofNfunding mechanisms, training'srants are most efficient bpth in

attracting graduate students into a field aid, more importantly., in

retaining them'in theaeld for the time required to atain a doctorate.

S

1A

p.

k

.1
a."

.0
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THEDATA--GRADUAsa ENRLOL:ENT AND Ph.D. OUTPUT: .2

Now let's take'a look at the data that are available. TheNSF
. .

.
.

.

survey provides a 7 year time series for the sciences in,genergl, but

4 it only provides three years of enrollment (1971:497.3) and. two years

f support' information for they bioscietIces--the area of science of
t,

primary concern to NIH. The early data Presented by Ms. Foster were

collected as part of the NSFtraineeship application, and, as such,

are no't felt to be representative df the.bioscience program§ which

were being supported, predominately, by the NIH. As a result, I have

relied on Office of Education data for, the pe0od 1961=1970.to set the

necessary background for the SGS slate, and the National /%.p..demy of

Sciences, National Research Council Survey of Earned Doctorates, for

information pertaining.to pa'st ptuction of Ph.D. biACientipts.
I 6

Table shows `that first -year, full-time enrollment in the
4 a.

biogciences doubled between l9.61 and 1966, averaging about 15

per year. Between 1967 and 19.73, firpt-year, full-time enrollments

n

increased, though at the greatly reduced rate of about 3 perdent,per

year% I have used,Ot and SGS data for 1971 to estimate a link between
.

. /.. 1-

.

.,
.,,

the OE and SOS series.

The NSF-Quick Response Survey for 1)74%has yielded a surprisingly.

es otncrease ilarde timate .in -first-year, full-time bl.osciencq'enroll-0

.

meht of..24) percene. I tend to beliel,;e' the 24 percent estimate is too

high. It is the largest single increase in the last 13 years, and'th

95 percent confidence range is itself virtually 24 percent.

a 1

.
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Table 2

.
. 1

FIRST-YEAR, FULL-TIME EHROLUTENT 111TI-IE,BIOSCIENCES
.' . . -

.0
1961-1974

.

,
Percent change
lince 1961

Year
/

Numbet',
Annual percent

change.

1961

19.62

4;634

P.
.g

9:71
.

1963 5,973 17:749 28.90
0

1964 7,351 23.?4 58.85

1965 8,486 k5.28 8.12

'1966. 49,310 1100.91

1967 9,528
. 2.34 .105.61

1968 9,475 -.60 104147

1969 10,p77 6.35 117.46

1970 10,449 125.49

.
1971 10,934 4.64 135.95

Estimates -
.1972 11,249 2.88 . .142.7g

.1973 '11,428 1.59 i 146.61

1974
. 14,227 207.01'

Sources': 1961-1971-,-Students Enroned for Advanced Degrees.
U.S. Office of Education;

1972 -4973 Estimates were developed by applying
the trend obtained from the 14F Survey of Graduate
Scicnc' Stud'..mt Sucsg44 and PostdoctOra7s to 0E.'
data. ,

1'974Estimates were developed by applyingith6
change, 1973-1974, obtained from the N Quick
Respon.3e :";yrv,:y of-Gra4uate Enrollment CO the
1973 estimates.
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4
The question of real importance here is not'vhether there was a large

Sump in 1974 but whether a '74 increase presages another major growth

spurt in the long term trend line. Only time will tell for sure, but

,those concerned with assessing fnumf research manpower resources can't

,wait for the answer before attempting to evaluate future Ph.D. output.

RelatirTg graduate enrollment data to Ph.D.) output (Table 3) assum-

ing a six year lag between"first-year enrollments and Phi:). completions

reveals that the ratio of Ph.D.'s to first-year enrollments has declined

from a high of 35 per hundred in 2968 to the 1973 figure of 25 per

hundred., despite the fact that the average lapse of time betigeen B.A.
k,

and obtainment Of tte Ph.D. has not changed significautly for some years.

The change in.this:ratio, though not proof of anything, may be used as

an indicator that non-Ph.D.outcomes., including terminal Master's

production, have increased or, viewed another way; that'students are
. .

A

making slower progress towards obtainment of the Ph.D.

want to emphasize here the significance of these phenomenon.

The key to retsonably accurate projections of biomedical research

manpower is attrition rates. The final outcome, that is, estimates of

the present and
4
future supply of biomedical researchers, dominated

by estimates of attrition:

1. from first-year enrollment to Ph.D. output,

2. from each Ph.D. class tq entry into the research pool, and

.3. frOm.the research pool into non-research activities.

'The mod an total time lapse blAccalaureate to doctorate in the

biosciences was 5.9 years. Surz.nary.l?eport 1973 Do,ctorate'Recipients

from United :tato() Univics, National Academy of SdienceS. Wash-

ington, D.C. 2iay,1974. '4
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TABLE 3

RATIO OF PH.DA IN THE BIOSCIENCES
PER 100 FIRST-YEAR GRADUATE ENROLLEES

IN THE BIOSCIENCES, 1967-1973

10.

First-year Ph.D. output Ratio of Ph.D:'s
raduate enrollment laa ed six years' per 100'first-year
Year Number. Year Number graduate students

1961 7,699 1967 2,398 31.1

1962 8:196 1968 2,882 , 35.2

1963 9,745 1969 3,138 32.2 ,

,

1964 1.1,821 1970 '3.'018 28.9

1965 13,608 1971 '--
,

27%2

1966- 14;200" 1972 3:6697: 25.9

1967 i4,874 .1973 3,719 , 25.0

Sources: First-year enrollments, 1961-19'67: Students Enrolled for
Advanced Degrees, U:Sb Office of Education. 1

Ph.D. Degrees, 1967-1973: Survey of Earned Doctorates,
National. Research Council, National Academy of Sciences

II

It
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''Using thZt, datd.available to illustrje
thiL point, let's assume

.

..1t

. v .

that the 35 per hundred ratio

.:''year enrollmegt
t
in 1962, hObeen

e , ..

for the period 5.96971973..
,

.

dur,ti this period would bvebeen

-

of Ph.D.'s in 1968,. lagged to first-'

projected forward as a constant
1,

1 .

The resultant estimates of Ph.D. prodUction
.

22,487, or 27 percent higher.than

1

. .
N o

If
was the actual PhcD,

pro,duction of 17,646.
there we'reoa similar..

A,
error in the tw¢ ogt4ted attrition rates mentioned, a compounded

0 .error of the orderof 65 "cent: would.result.. E
t

.Clear then, accurate aseesSmeht of.attr1tion rates and the

factors affecting them is es4ential--which leads us to the implicatidns`.4
of the NSF survey of graduate studagt support dafa.

1'

1A" 'r

I

,

4-

JI
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THEIDATA--GRLDUATE SCIENCt STUUNT.SUPPORT PATTERNS
W

.The NSF survey, though limited to a very short period
A

a

provides A direct a3sessmeit,of patterns of bib science student support

shotUng type, and sprca.of
suppoceby.enrollment level. The 'following

,observations can be made from the SGS survey. .

1. Thalproportion of all full-time bioscience graduate students

'I.

receiing Federal suppOrt has declined from 39 perdent to
. ,

31 perCent, a 22 percent :decrease
over the perio4 d 1971' -1973

(Chart 1). .
2. Despite 'the decline

the same percentage

. .

supporting" in 1972

were forthcoming "'to

P

k

in Fed'eral-support in the Losciencel
. ,

of biosoience students,were "self- i

.
and 1973. Agitional non-Federal-fun4s

a' .

offset thd.decline in Federal support,.

Unfortunately, this type of survey cannot distinguish

" nontFederal,public support, pstitutionai funds suppor't,'

and othr:Sources Of geniral.revenue Cha,Ft 2).

3." Students directly supported, that is,.students receiving"

fellowships and traineeshipp, declined 16,percent, 1972-71,

caused by a decline from Federal sources which was -Offset

to some extent by increases in non-Federal sources (Chart 3).

4 Students'receiving suPphrt as research assistants increased

slightly,(+4 percent); essentially no chailge in the Federal,

sector, and a 9 percent increase from "non-Federal" sources

(Char 4)

.

,

14
r /'
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5. Bioscience students on tLeching,caPistaptships increased

7 percent, the gain coming eueitely from' the non-Federal

sector. This may be traceable, to increased undergraduate

enrollment in the biosciences (Chart 5)./.

6.. Earlier in this paper, I have stressed the importance of

..-

.first-year enrollments as an iti'dicator of- .future Ph.D.

output. The SGS survey has so144:4f support dal; for

.

first-year bioscience students only for the year 1973.

It does providea two-yeartrend of f4rst-year.enrellments

by type of support. The graph indicates that firat-ypa

bioscience students have taken the brunt of declines in

dire t training 'support, exemplified by felAwships'and .

t

ttA

trainee hips, which is primatily,a.reflectiOn of the

declines i. Federal'suppp (Chart 6).

e^

S

w

.t"

I
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Chart 1 .

.

PROPORTION OF FULL-TIME BIOSCIENCE STUDENTS

e,
RECEIVING FEDERAL 8,UPPORT: 1971-1,973

,

39%

.

Jr

--*!,'

4

14.

,31%

4.

1971 1972 1973

Source: Survey of Graduate Science Student Support, and Postdoctorals,
National Science Foundation.

16.
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Chart 2

15.

, .
o ' i

PERENT,DIST.RIBUTION,AND.PERCENT CHANGE ,

IN FULL-TIME GRADUATE STUDENTS IN THE BIOSCIENCES,
. BY' SOURCE OF SUPPORT, 197-2-1973

50

25

0

4%

-71

)

I 7,

.4. Selfsupport

.,,

.

1972
.4.

1973

_ 44

.. .

9
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Chart

4C

FULLTIME'BIOSCIENCE GRADUATE STUDCMTS RECEIVING TRAINEESHIP
AND FELLOWSHIP .SUPPORT, By SOURCE, 1972 AND 1973

A

O

100%
PERCENT CHANGE

'12 73

; '';,1

100%

+ 22%,

31%,

NON-FEDERAL

'1972. .19473

16.

Source: Survey of Gra,Zuate Sci&r:be. Student and Postdoctor4s.
8 .

0 ,

41
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z
Chatt 4

FULL -TIME.BLACIENCE GRADUATE STUDENTS RECEIVING
,"RESEARCH ASSISTANTSHIPS,'BY SOURCE OF SUPPORT, 1972-1973
.

'Pr

10 0 %

PERCENT. CHANGE
'73

46%

NON-FEDERAL1

454%
FEDERAL

/d/VN

1972

f

+ 9%

10 0 %

48%

NON-FEDERAL;
. ,

4

. .

\

A:k,/

52%
-n,\\

FEDERAL er,
, -

\/\"\4\-,
eke%

NY\/\/\

1973

17.

Source: Survey of Graduate Science $tudent Support and PostdOctorals.

19
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Chart 5

18.

FULL -TIME BIOSCIEqE GRADUATE STUDENTS RECEIVING
TEACHING ASSISTANTSHIPS, BY SOURCE OF sopou., 1972 AND 1973
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19.

FULL-TIME BIOSCIENCE GRADUATE STUDENTS RECIVING TRAINEESHIP
. AND FELLOWSHIP' SUPPORT, BY LEVEL OF STUDY, 19721AND 1973
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20.

This is the recent picture a'gr.a.luate stud,..nt support-and enroll- 4

'ments in the biosciences. I began this paper by defining our concern
,

al: the implications of the'SGS survey for projections-of Ph.D. output.

. We approach the end of the paper. with a collection of questions.

What is iktly to be the follow-on support picture for all tho;e

eager, hopeful first -year enrollees ofthe earl); seventies? Will

they have obtained the Ph.D. by 1980 at close to.the'same rate as

those who entered before them? Will' more be required to drop out

because of the inability to meetthe rising findEZITI demands concom-.

itant with their stage in life plus' ever higher educational posts, or

simply slow down the Ph.D. process by working on an outside job while

A going to school and writing dissertations? Will firstiyear graduate

enrollments continue to increase?

that
gi r

As fat as the evidence is concerned, h is,
,

dn summary: .* .

% a
416

1. declining growth in first-year enrollments assuming the 1974

iumpsis an.aberrution produced by the economic conditions

othe.day and notindications of another growth spurt

brought about by environmental and ecological concerns,

2. declining ratios of graduate enrollments, to Ph.D. output,

3. declining levels of direct Fedeal training support,

plus knowledge of the'mo)dest irowth in the gradudte school age popula-

tion, those 4.-24, 1973-1991, of 14 percent, followed by p decline, ',I

1981-86., of 5.5 percent,, lead one to anticipatea continued level of

's
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Ph..D. output in the near fuLure followed by declines. translated

21.

into NIli terms, this implies a reduction in the availability of new

.

.Ph.D. bioscientists to conduct medical research.

I have limited this discussion purposely to the questi n of

availability of new Ph.D.'s for the conduct of biomedical research
.

for that is 'the question that can be addressed Most readily with the
t

- use of SGS.

But underlying thi3 question is, of course, such questions as:
c

Is there presently and will there'in the future be 'a shortage of
...-

.t.

biomedical.rsgarchers? I would like to point out that there is no,

natural requiremnt for research manpower. The demand is purely a

function of the level of research activity which society chooses to
. .

support which may'call for more or fewer researchers than-are in the

pOol. b"

If the Government, through the operation of the legislative and

executive branches, determines that a particular level of health

research activity is desirable and supplies a level of funding to

carry it out, but there is not an adequate number of trained researchers

- to assume this level of activity, then there is a shortage. In recent

discpssions relative to the new cancer initiative, it was clearly

recognized that manpower is a critically factor at the present
.

time and will continue to be in the future.

I have addressed one small aspect of forecasting the supply of k

,o

.future bioscientists and have indicated the role played by the NSF
e

survey acrd other educational surveys in the development of such

23
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forecasts. 41 closing, T would like to say that Without the continued

help of the educational. comIunity in providing theSe and other data

.andthe conttibutions of educational researchers, even this limited

analysis would not have been possible. Far your helpAthe past, I
. T-

thank you, and I look forward to the future insight whichlyou will

provide

Tlilink you.

24.


